GROSS PATHOLOGY is perhaps the last remaining field of medicine where quantitative methods have yet to penetrate. No- where is this obduracy more striking than in the cardiovascular field. While quantitative methods have led to literally thousands of articles in recent years on the energy and work of the heart, there have been barely a handful of contributions on its architecture. This is an astonishing discrepancy, for the physiology of the heart can never be separated from its geometry if we are ever fully to understand cardiac function and dysfunction.
It is not difficult to see why quantitative methods have been slow to appear in gross pathology. By virtue of their research interests pathologists have moved in a direction opposite to that of the gross morphologist, turning to microscopic methods of study as exciting new discoveries in ultrastructure and histochemistry have unfolded. Furthermore, the classical methods for dissection that pathologists are taught couldn't be more skilfully contrived to defeat an interest in morphology. At postmortem examination, the pathologist incises and flattens the heart, reducing it from a three-dimensional structure to a twodimensional mass, destroying its functional geometry. As a result, questions arising among physiologists and clinicians regarding heart function that relate to the structure of the From the National Heart Institute, National Institutes of Health, U. S. Public Service, Bethesda, Maryland. One mathematical tool that is of interest to the cardiac morphologist and a newcomer to medical research is topology. In contrast with the mathematics of integers, this is the mathematics of surfaces, and it is relevant to cardiac pathology because the essence of any pump is its surfaces. Figure 1 illustrates one simple way in which the circulation can be studied topologically. In this instance we consider the entire cardiovascular system-heart and blood vessels-to consist of two systems, one arterial and the other venous, and con- Figure 1 Diagrammatic representation of topology of cir-*(ulttion. struct the "surface " that separates them. When we trace this surface through the body and the heart (where the surface represents the atrial and ventricular septa and the plane tangential to both the pulmonary artery and the aorta), we have the construct on the right of figure 1. Interestingly enough, this proves to be what the topologist calls a " single surface, " the simplest of all topologic surfaces, classically represented by the "Moebius ring " illustrated on the upper left of this figure. A single surface is one where all points on its surface can be reached without crossing an edge. This proves to be the case for the circulation viewed in this way. To be sure, in the drawing on the right, one arc of the Moebius ring is split morphologically to allow for the anatomic fact that when a red cell travels on the inner surface of this part of the ring it is traversing the pulmonary circuit, and is in a different part of the body than when it is on the outer surface of this part of the ring traveling to all points of the systemic circulation. The "twist" that allows this to be a single surface like the Moebius ring is accomplished by the spiraling of the truncal septum, which divides the truncus arteriosus into a pulmonary artery and aorta. But this is a "twist" only to the anatomist, not to the topologist. And herein lies one of the powers of mathematics, for it is the one language that can liberate us from the rigidities of what the anatomist and pathologist " see, " when it is useful to be liberated. The fact that the entire circulation can be reduced to the simplest of all topologic forms-the single surface-is a potentially interesting operation, for progress often depends upon reducing an intrinsically complex problem to its simplest quantitative form.
I think it was Henry James who insisted that man 's greatest invention was not the wheel but the simple declarative sentence. Whatever merits Henry James' notion has philosophically, it has none scientifically. For it was the simple declarative sentence that delayed for so many centuries the development of a much more powerful language, mathematics, a language that even today is a foreign tongue for most of us. The declarative sentence may be superb for expressing internal, semi-rational moods and perceptions, but it is a weak and limited tool for describing the world around us. It is a linear, onedimensional language that cannot handle simultaneous relationships, it is cumbersome with quantitative information, and only in the licensed ambiguities of poetry can it deal with transients, dynamic states, and variables -and then only with appalling, however beautiful, imprecision. Perhaps it is true that society could not have survived were it not for the rich reservoir of ambiguity in our spoken language. Nevertheless, it was the strong grip of this language that so long delayed the progress we have witnessed during the past hundred years in medicine, a progress that has at its foundation the adapting of quantitative language to medical problems. The strong grip is still to be seen in gross pathology. The usual description of the heart in a medical article reads more like a Baedeker travel guide than a piece of scientific literature, as we are toured from valve to valve, from one chamber to another.
Many years ago Kant pointed out in connection with chemistry that a discipline can be said to approach a science only insofar as it relates to mathematics. During the past decade a series of papers has been emanating from Western Germany illustrating the use of mathematical methods in the study of (ardiac morphology. Linzbach Galileo expressed the morphologist's point of view when he observed "while you may often see a dog ride on another dog's back, you will never see a horse ride on another horse's back," and pointed out the reason: mass increases as the square of linear length, and an animal twice the size of another is four times more bulky. The language of quantitative morphology is mathematics, and it can be expected that the development of quantitative methods for studying cardiac anatomy and gross pathology will bring important new concepts and tools for unraveling basic problems of heart function in health and disease.
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